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CHEMISTRY 
An Investigation of Amino Acid Decomposition 
JAcKH. FROST* and E. WINSTON GRUNDMEIER** 
ABSTRACT-Amino acid decarboxylation studies generally show that extraneous reactions ac-
company CO, formation, especially at high temperature and when metal ion catalysts are used. 
In the present study some of these reactions are investigated in the reaction system, a- or 
,a-amino acid and CuSO, at 130-155° C. Histidine, a- and .B -alanine, glycerine and norva'line 
were each studied for determination of products. The extent of formation of the products, 
NH,, CO,, aliphatic amines and Cu metal, was determined quantitatively. A near l: l corre-
spondence in NH,:CO2 exists for the amino acids studied. No correspondence could be detected 
between Cu metal product and CO, or NH, . No aliphatic amine product was d'etected for any 
amino acid. 
It is well known that a-amino acids will decompose 
to CO2 and amine when the reaction is catalyzed by 
enzyme (Boyer et al, 1960), metal ions (Andrews and 
Grundmeier, 1966), carbohydrates (Paulson, 1966), or 
carbonyl compounds (Dose. 1957) ; Guirard and Snell, 
1954). Enzyme-and pyridoxal phosphate-catalyzed de-
carboxylations occur readily at room temperature. Using 
histidine with pyridoxal phosphate- and metal ion-cata-
lysts, Guirard and Snell reported the rates of formation 
of CO2 and histamine; some deamination products were 
formed also. Elevated temperatures, 100-200° C, are 
required for appreciable decarboxylation when metal ion, 
carbohydrate or carbonyl catalysts are used. 
Under the drastic conditions of high temperature, ex-
traneous reactions become appreciable. These reactions 
are presently not well understood so far as reaction prod-
ucts or rates are concerned. Dose (1957) reported ex-
tensive transamination when histidine was heated to 130-
2000 C with aromatic aldehydes. Oxidation and poly-
merization apparently occur competitively or parallel to 
the decarboxylation reaction (Andrews and Grundmeier, 
1966, Csaszar et al, 1958; Valladas-Dubois, 1960) . Slow 
destruction of the imidazole ring in histidine was ob-
served by nuclear magnetic resonance studies and the 
characteristic diazo coupling test when the amino acid 
was heated for 3 hours at 100-150° C in ethylene glycol 
and CuSO4 (Andrews and Grundmeier, 1966). 
The extraneous reactions will occur at room tempera-
ture under various conditions. The role of the amino 
acid in these reactions is of interest to biochemical re-
search and the brewing industry. Takayama (1933) 
studied the anodic oxidation of various amino acids. Am-
monia and CO2 were among the products in each case. 
Hara (1960) reported the production of aspartic acid 
and urea from the photodecomposition of histidine which 
he described as a photooxidation process. The charac-
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teristic browning of histidine-Cu(II) ion complexes 
through aging over 30 days at room temperature is asso-
ciated with opening of the imidazole ring by an oxida-
tion reaction (Csaszar et al, 1958; Valladas-Dubois, 
1960; Grundmeier, 1964). 
The present work was initiated to determine quantita-
tively the formation of the reaction products, NHa, CO2, 
amines and Cu metal, when selected o:-and ,8-amino acids 
are heated in nitrogen atmosphere at 130° C in ethylene 
glycol solution with CuSO4 catalyst. 
Modification of Reaction System 
The reaction system is a modification of the one used 
by Andrews and Grundmeier ( 1966). Carbon dioxide 
product was swept by dry nitrogen gas into Ascarite and 
analyzed gravimetrically. Total volatile, nitrogen-contain-
ing product was determined as the sum of two methods 
of analysis. The first method consisted of collecting the 
volatile basic amine products, swept by N2 gas from the 
reaction vessel, into excess 0.05M HCl. The basic amine 
product which remained in thereaction vessel was lib-
erated by adding excess NaOH and distilling the volatile 
base into standard excess HCl. Remaining amino acid 
was unaffected by this treatment. The amount of volatile 
amine or ammonia base coflected in the HCl solutions 
was determined by indirect titration with standard NaOH. 
Qualitative analysis of the volatile reaction products 
was done with an Aerograph Hy-Fy Model A600B gas 
chromatograph which was equipped with a 12 ft. by 
Ys in. column packed with 10% silicone oil SE-30 on 
Fluoropak 20/80. Copper ion was previously removed 
from the reaction solution by precipitation with H2S. 
Determination of the amount of organic amine prod-
uct in the presence of NH8 was made by a modification 
of the colorimetric method of Ekladius and King (1956). 
Ten ml. test samples were distilled by the methods indi-
cated above for total N-containing product into 2 ml. of 
1-propanol until 5 ml. of condensate was collected. One 
ml. of CDNB ( l-chloro-2, 4-dinitrobenzene) reagent was 
added to develop the color. Absorbance of the developed 
reagent solution at 450 mµ, was read on a Beckman DU 
spectrophotometer. Standard solutions of n-butylamine, 
ethylamine, methylamine and NH~ were run along with 
a reagent blank. 
111 
The amount of amino acid remaining in the reaction 
solution was determined by an adaptation of the colori-
metric method of Lee and Takahashi ( 1966). One ml. 
samples of the reaction mixture were boiled with excess 
NaOH to remove NH3 and amines, then made acidic 
with HCl, and the Cu ion precipitated with H 2S. After 
centrifuging and diluting to 250 ml., the solutions were 
analyzed by the original colorimetric procedure. Absorb-
ance measurements were taken at 570 mµ, on a Beck-
man DU spectrophotometer. 
The amount of Cu metal produced by the reaction was 
determined gravimetrically by electrodeposition. The re-
action mixture was filtered through a sintered glass cru-
cible and washed with distilled water. The Cu metal col-
lected on the crucible was dissolved with concentrated 
HNO3 and prepared in the usual manner for analysis for 
by electrodeposition. 
The following amino acids were selected for 
investigation: L-histidine. DL-a-alanine, ,B-alanine, gly-
cine and DL-norvaline. Histamine and imidazole were 
used in place of amino acid in part of the study in order 
to determine their activity under the experimental condi-
tions. Ethylene glycol reagent grade was distilled over 
Drierite on a 25 cm. column and used as solvent in the 
reaction system. Glycol was chosen as solvent for the 
following reasons: (1 ) high boiling point to allow for a 
liquid system up to 155° C, (2) inertness to reaction 
with amino acid and Cu SO 4, ( 3) solvent ability for amino 
acids and CuSO4 • Reagent grade anhydrous CuSO4 was 
dried at 150° C for 24 hours before use as a catalyst. 
Results and Discussion 
Results of quantitative determination of the reaction 
products, CO2, total basic N-containing compounds and 
Cu metal, from thermal decomposition experiments of 
the amino acids, histamine and imidazole are reported in 
Table 1. The a-amino acids reacted to form volatile basic 
product and CO2 in nearly 1: 1 ratio. The L-histidine 
reaction was studied with histidine: CuSO4 mole ratios 
ranging from approximately 2: 1 to 1: 1. No significant 
trend can be observed in the effect of this ratio on the 
product distribution of basic product to CO2 • Histamine 
and imidazole, compounds which contain functional 
groups present in histidine, fail to produce any volatile 
TABLE 1. Decomposition products formed from reactions of 
amino acids, histamine and imidazole with CuSO, in 
glycol at 130° C for three hours. 
m. moles 
m. moles m. moles total volatile rn. moles m. moles 
Reactant reactant CuSO, basic product co. Cu metal 
L-histidine 2.578 1.253 0.2620 0.3002 0.000 
2.578 1.880 0.4398 0.3422 0.000 
2.578 2.506 0.5068 0.4726 trace 
7.850 3.133 0.8415 0.7100 trace 
Histamine 3.619 2.506 0.0000 0.0000 0.0000 
lmidazole 3.555 1.028 0.0000 0.0000 0.0000 
a. -alanine 6.734 3.133 1.676 1.630 2.143 
{J -alanine 6.622 3.133 1.826 0.0000 0.0000 
Glycine 7.859 3.133 1.582 1.598 1.784 
Norvaline• 4.316 2.527 1.484 1.529 
* Temperature, 155° C 
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amine product or CO2 under the reaction conditions. 
Beta-alanine produced a basic product without evolution 
of CO2 • Table 3 shows that the volatile basic product is 
NH3 . Results of gas chromatography studies showed no 
organic amine in the volatile reaction products. 
The quantity of amino acid converted after the 3 hour 
reaction time is reported in Table 2. Also listed are the 
comparative percentages for total decomposition, com-
puted from tbe extent of amino acid converted, and for 
decarboxylation, computed from quantity of CO2 formed. 
It is clear from Table 2 that the relative extent of de-
carboxylation to decomposition is not consistent through-
out the series of 4 a-amino acids. Thus the relative rates 
of the two reaction are different for each amino acid. 
In the case of a-alanine the rates of formation of CO2 and 
NH3 and the rate of decomposition of the amino acid 
are all approximately the same. For norvaline, alanine 
and glycine the ratio of initial amino acid to CuSO4 was 
approximately 2: 1. The histidine: CuSO4 ratio was 1: 1. 
This ratio was chosen since it gave the maximum rate 
of decarboxylation. 
The role of Cu(II) ion as a catalyst in decarboxylation 
of amino acids has been interpreted by way of the elec-
tron-withdrawing ability of the positive metal ion co-
ordinated with the amino and carboxyl groups (Andrews 
and Grundmeier, 1966). The fact that the relative rates 
TABLE 2. Amino acid decomposed after three hours for the reac-
tions analogous to those cited in Table 1. Also listed 
are percentages of total reactant decomposition 
and decarboxylation. 
rn. moles initial m. moles amino Percent Percent 
amino acid acid reacted decomposition decarboxylation 
Norvaline 2.81 65.1 35.5 
4.316 
Glycine 2.55 32.4 20.3 
7.859 
a; -alanine 1.51 22.4 24.2 
6.734 
L-histidine 1.81 70.2 18.3 
2.578 
TABLE 3. Determination of volatile basic product from amino 
acid-CuSO, reactions. Results of aliphatic amine and 
NH, analyses measured at 450 m µ,. 
" 
:! 
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Norvaline 261.12 0.021 Butylamine 0.413 Amine 0 
191.22 NH, 100 
Glycine 199.20 0.028 Methylamine 0.498 Amine 0 
212.00 NH. 100 
a. -alanine 182.98 0.018 Ethyl amine 0.354 Amine 0 
173.90 NH, 100 
L-histidine 70.96 0.018 Amine 0 
NH, 100 
NH.Cl* 261.7 0.024 Amine 0 
NH, 100 
* Absorbance of 0.024 due to NH. must be subtracted from 
sample absorbances. 
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of NH3 and CO2 formation are the same for each of 
the a-amino acids suggests that the catalyst causes ex-
tensive instability at the site of the a-carbon. The general 
mechanisms for formation of CO2 and NH3 appear to 
be rather similar or at least concurrent. Temperature 
seems to have little effect on the relative rates of forma-
tion of CO2 and NH3 since the norvaline reaction was 
run at 155° whereas the other reactions were run at 
130°. 
Beta-alanine was the only ,8-amino acid used in this 
study. No CO2 formation was detected, but considerable 
volatile basic product was found (27.6% of theoretical). 
This product was shown qualitatively to be NH3 although 
the quantitative analysis for aliphatic amine was not con-
ducted. Beta-alanine does not exhibit any tendency to 
produce a brown-colored product in the reaction flask, 
whereas all the a-amino acids have this property. Beta-
alanine-CuSO4 solutions remain blue in color over three 
hours at 130°. The resistance to decarboxylation is con-
sidered to be due to the absence of the amino group at 
the a-carbon in ,8-alanine. The a-carbon is apparently 
highly activated toward loss of CO2 in reactions of 
a-amino acids with Cu(II) ion. However, Cu(II) ion 
appears to catalyze a reaction leading to the exchange 
of the ,8-amino group by some agent in the reaction sys-
tem. Alternatively, the NH3 could be formed by an elimi-
nation process, H2C (NH2) CH2COOH ➔ H2C = CHC-
OOH + NHa, Similar elimination could occur in the 
a-amino acids. 
Formation of considerable Cu metal in the reaction of 
a-alanine and glycine, and trace amounts in the histidine 
reactions, indicate oxidation of the amino acid by Cu(II) 
ion. Associated with the formation of Cu metal is the 
presence of considerable brown-colored product in the 
reaction vessel. The relative formation of Cu metal to 
NH3 and CO2 bears little similarity throughout the study. 
Histamine and imidazole are inert to oxidation of this 
type. Beta-alanine shows no indication of oxidation. The 
a-amino acid "browning" reaction has been considered 
by others (Andrews and Grundmeier, 1966; Csaszar 
et al, 1958; Valladas-Dubois, 1960) to be associated 
with oxidation. The mechanism of this process is still 
very much in doubt. 
Journal of, Volume Thirty-five, Nos. 2 and 3, 1968-1969 
The reaction or sequence of reactions of amino acid 
with CuSO4 in glycol at 130-155° may be summarized, 
a-amino acid + CuSO4 ➔ Cu + NH3 + CO2 + undeter-
mined products. This represents the extent of knowfedge 
for these systems at present. A simple integer relationship 
exists only for the moies of CO2 and NH3 products. Thus, 
the above expression is not an equation. The histidine 
study shows the possibility of simultaneous formation of 
CO2 and NH3 in the reaction mechanism. Histidine could 
not have first decarboxy!ated to histamine and then lost 
NH3 since histamine is inert to NH3 loss. The appar-
ently polymerized brown product in the reaction mixture 
must account for the difference between total amino acid 
decomposition and decarboxylation and NH3 loss. 
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